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Applications to membrane problems

(0) Background—diffraction from lipid bilayers

(1) Gramicidin-a passive ion channel
1.1) lon binding sites
1.2) Non-conducting state
1.3) Hydrophobic matching o _
1.4) Membrane-mediated protein-protein interactions

(2) Protein-lipid interactions--Hydrophobic Matching

(3) Antimicrobial peptides
3.1) Transmembrane pores
3.2) Membrane thinning effect
3.3) Pore structure

(4) Membrane fusion problems
4.13 Stalk intermediate state =~ =
4.2) Spontaneous curvatures of lipid mixtures
(5) Collective chain dynamics by inelastic x-ray scattering

CONCLUSION



Lipids and Membranes

phosphate-headgroup

h ~3.5nm




Levine and Wilkins, Nature 230, 69, 1971
Wilkins, Blaurock and Engelman, Nature 230, 72, 1971
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(1) Gramicidin

Gramicidinisal5a.a. long L-D-L-D alternate peptide that forms
a head-to-head dimeric passive ion channel. It has been used for
a case study of ion transport across membranes.

It has two ion binding sites,
but they are not obvious from
the molecular structure.
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Electron density profiles by lamellar
diffraction
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1.1) Location of 1on-binding sites
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1.2) What Is the non-conduction
state of gramicidin?
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Answer: gramicidin monomers are
beta-helices.
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1.3) Membrane thickness effect implies  g;nvs 3
hydrophobic matching—awell accepted >0 1061 (1986)
concept that has little direct evidence.
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Relative Intensity

1.4) Hydrophobic matching implies membrane-mediated protein
Interactions, another well accepted concept with little direct evidence
(e.q., Engelman et al., 1983; Chan et al., 1983).

In-plane scattering
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PP [A]

(2) No hydrophobic matching for single

WALP, a hydrophobic sequence of Leu and Lys of varying

helices!

length, bordered at both ends by two Trps.

38

for comparision

®  DMPC 30° T "
3t i = DMPC 30° (dry)
40 - A4  DMPC 33

36 | DMPCA, o DMPC/D 25" %
15 | o T, o _ ©  DMPC/gD 30°

l‘ m a .y 38 A BMFE-'IQD 33.
34 | DTPC i { < DMPC/gD 35°

a n- :
il 100 1= e 5o | ‘\c.;'_.
12 [ & s .
B ﬂ-f-ﬁﬂ-j{:,_ﬁ . |-
od ST o S -+ "1 - e
30 f » upid W 2
29 § 5 I L L i -H_F’:‘ |

42 4 46 48 50 52 MM 52 54 56
D [A] d (A)

Waelss et al., Biophys. J. 84, 379 (2003)




I (q) {em")

(3) Antimicrobial Peptides

3.1) Detecting transmembrane pores by neutron
IN-plane scattering

‘. - /He et al., Biophys. J. 70, 2659 (1996)

perdeuterated lipid
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Analysis of neutron diffraction from fluid membranes
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Putative structures of pores formed by
antimicrobial peptl des Yang et al, Biophys

J. 81, 1475 (2001)
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3.2) Pore formation can be seen as membrane-
mediated two-state micellization. At low P/L, the
peptides are monomers on the interface. At high
P/L, pores are formed like micelles. The membrane
mediation is observed in the thinning effect.
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Membrane thinning

Chen et al., Biophys. J. 84, 3751 (2003)
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3.3) How to study the pore structure?

Induce inter-bilayer correlations.

Yang et al., Biophys.
J. 77,2648 (1999)




From uncorrelated to long-range
correlated.

1:30 Mel in DTPC, open
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Rhombohedral lattice of pores

Yang et al., Biophys. J.
79,2002 (2000)
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(4) Membrane Fusion Problems

Are these the intermediate states? Do
peptides affect these states?

*This problem isrelated to gene delivery, drug
delivery, and anti-viral drugs.



Thefirst step of fusion

Removing the water molecules in between.

Vesicles
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T’ RH Hui et al., Science 212, 921 (1981)
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DOPC/DOPE Mixtures

m—p  RH
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Lamellar Rhombohedral 2D Monoclinic  Hexagonal

(Distorted

/ / Hexagonal)

discovered in the last two years from

the substrate-supported samples.
Yang et al.,
Biochemistry 42,

6631 (2003)
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_ Yang and Huang,
0 . A B Science 297, 1877
- W (2002)

This experiment
validates the stalk
hypothesis for
membrane fusion.




Distorted Hexagonal Phase
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Water distribution vs. lipid distribution

Water

Lipid




A bent monolayer of alipid mixture demixes its components
In reaching the minimum of free energy.




(5) Collective chain dynamics by
In-plane Iinelastic X-ray scattering

Weiss et al., Biophys. J. 84, 3767 (2003)
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Dispersion curves of the sound mode
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The soft modes imply that It requires no work
to Insert asmall peptide in the bilayer
Interface as shown by Seelig’ s experiment.
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CONCLUSION

Synchrotron radiation is essential for
membrane research. Two features are
particularly desirable;

1) Energy tunable (5-15kev) GISAX
beamline.

2) 0.5mev-resolution inelastic beamline.
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